Introduction
Dental caries, periodontitis, tooth loss, and bone resorption are considered prevalent health problems that have a direct effect on the quality of life. Unlike other tissues in the body, dental tissues are unique in their development, function, and even in their maintenance throughout life. Even though there is a high rate of success in retention of teeth by endodontic therapy, still many teeth are not restorable because of the carious destruction of coronal structures, resorption of apical end, fracture, or because of incompletely formed roots. A novel approach to restore tooth structure is based on biology, i.e., regenerative endodontic procedures by the application of tissue engineering. Tissue engineering can be defined as a field that applies the principles of engineering and the life sciences toward the development of biological substitutes that restore, maintain or improve tissue function. [1] Presently, two concepts exists in regeneration endodontics to treat infected nonvital teeth, first is the active pursuit of pulp-dentin regeneration to implant or regrow pulp by tissue engineering technology and the second in which new living tissue is expected to form the tissue present in the teeth itself, allowing continued root development and is termed as revascularization. [2] Review Article
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Odontoblasts are terminally differentiated postmitotic cells which cannot proliferate to replace subjacent irreversibly injured odontoblasts. Both young and old teeth have the ability to respond to injury by inducing reparative dentinogenesis which suggests that a small population of competent progenitor pulp stem cells may exist within the dental pulp throughout life.
Stem Cells from Human Exfoliated Deciduous Teeth
In the year 2003, Dr. Songtao Shi, a pediatric dentist, discovered baby tooth stem cells by using the deciduous teeth of his 6-year-old daughter. He was luckily able to isolate, grow, and preserve these stem cells' regenerative ability, and he named them as SHED. [6] Among all postnatal dental stem cells, researchers/scientist found there is an abundant source of adult SHED. [6] Recent studies have shown that these cells can multiply rapidly and grow much faster than adult stem cells, suggesting that they are less mature, so they have the potential to develop into a wider variety of tissue types. [7] Various types of stem cells can be obtained from exfoliated deciduous teeth. These are: a.
Adipocytes: They can be used to treat cardiovascular disease, spine and orthopedic conditions, congestive heart failure, Crohn's disease, and used in plastic surgery b.
Chondrocytes and osteoblasts: Have successfully been used to grow bone and cartilage suitable for transplant c.
Mesenchymal: Have the potential to treat neuronal degenerative disorders such as Alzheimer's and Parkinson's diseases, Cerebral Palsy.
[8]
Stem cell niches
Stem cells guarantee tissue repair and regeneration throughout life. The decision between cell self-renewal and differentiation is influenced by a specialized microenvironment called the "stem cell niche." [9] Stem cell identification Stem cells can be identified and isolated from mixed cell populations by four commonly used techniques: (a) staining the cells with specific antibody markers and using a flow cytometer, in a process called fluorescent antibody cell sorting; periodontal tissue regeneration. Hence, we can say that dentistry is entering into an exciting era in which many of the advances in biotechnology/tissue engineering offer opportunities for exploitation in the novel and more effective therapy. [4] Components of Tissue Engineering
The three key components for tissue engineering are: i. Stem cells -to respond to growth factors ii.
Scaffolds to represent extracellular matrix (ECM) iii. Growth factors -signals for morphogenesis.
Stem cells
All tissues originate from stem cells. A stem cell is defined as a cell which has the ability to continuously divide and replicate itself to produce specialized cells that can differentiate into various other types of cells or tissues. The plasticity of stem cell defines its ability to produce cells of different tissues. [5] Types of stem cells [5] Embryonic/fetal stem cells These types of cells are derived from embryos that are typically 4-5 days old called Blastocysts. These cells are pluripotent, i.e., they have the capacity to form all tissues. The most studied dental stem cells are those of the dental pulp. Human pulp stem cells express von Willebrand factor CD46, alpha-smooth muscle actin, and 3G5 proteins. Human pulp stem cells also have a fibroblast phenotype, with specific proliferation, differentiation, and mineralizing activity pattern.
[10]
Scaffolds
A physical Scaffold is an important component of tissue engineering. The scaffold provides the framework for cell growth and differentiation at a local site. The scaffold might be implanted alone or in combination with cells and growth factors. When implanted, a scaffold allows for cell migration and organization. [11] Ideal properties of scaffold Scaffold material [11] Various materials have been tried, tested, and investigated for use in tissue engineering processes [ Table 2 ].
Molecular signaling and growth factors
Morphogenetic signals leading to the differentiation and function of odontoblasts and ameloblasts are known to be mediated by specialized molecules. Molecular signals flow between odontogenic cells and guide them to position themselves along mineralization fronts, differentiate, and start secreting new molecules (proteins). Growth factors are proteins which bind to receptors on the cell and induce cellular proliferation or differentiation. [12, 13] The morphogenetic signaling networks include the five major classes of evolutionarily conserved genes [ Table 3 ]: 1.
Bone morphogenetic proteins (BMPs), 2.
FGFs, 3.
Wingless and interrelated proteins, 4.
Hedgehog proteins, 5.
Tumor necrotic factor.
Applications

Stem cells for pulp tissue engineering and regeneration
With the emergence of tissue-engineering sciences, dental pulp tissue regeneration has been explored with the use of various biomaterials, where pulp cells grown on polyglycolic acid formed pulp-like tissue in both in vitro and in vivo models. One concern is that implanting stem cells/scaffolds into root canals that have a blood supply only from the apical end may compromise vascularization to support the vitality of the implanted cells in the scaffolds. The ability of DPSC, apical papilla stem cells and PDLSCs to produce pulp-dentin like complexes in vivo suggests potential applications involving stem cells, growth factors and scaffolds for apexification and apexogenesis. [14, 15] 
Regeneration of dentin
Dental clinicians know that no material available today which mimic all the physical, mechanical and esthetic properties of enamel and dentin. Demineralized dentin powder also has an intrinsic capability to induce mineralization. When applied directly to areas of pulp exposure, demineralized dentin induces the local formation of mineralized tissues. An understanding of which components of dentin powder had the inductive capability began in the early 1990s when it was discovered that specific fraction of dentin, which presumably contained BMP activity, induced reparative dentin formation. [14, 15] 
Regeneration of enamel
Cells that specialize in the making of enamel (ameloblasts) are no longer present in teeth with complete crown development. Therefore, an in situ cell-based strategy to regenerate enamel is not feasible. However, researchers' creativity and ingenuity have recently allowed for the development of synthetic enamel that is fundamentally based on the use of the principles of tissue engineering and nanotechnology. Amelogenin allowed the synthesis of elongated crystals. The combination of Amelogenin and Fluoride allowed the formation of rod-like apatite crystals [14, 15] 
Regenerating periodontal ligament
Periodontal regeneration has always remained a challenge as it consists of cells that give rise to both hard and soft tissues. It is evident that the ligament contains stem cells that can commit to a number of pathways (bone, cementum and ligament). Kawaguchi et al. (2004) used autologous bone marrow mesenchymal stem cell (MSC) in combination with allocollagen to regenerate periodontal ligament in experimental grade III defects in dogs. One month after implantation, there was a regeneration of cementum, periodontal ligament, and alveolar bone. This study provided firm evidence that MSC when embedded in the appropriate environmental niche, can be used to regenerate tissue as complex as the periodontium. [16] Hasegawa et al. demonstrated that autologous periodontal ligament cells cultured in vitro were successfully reimplanted into periodontal defects in order to promote periodontal regeneration in dogs, and a subsequent study confirmed this evidence in humans.
[17]
Bio-tooth generation
Replacing a missing tooth has always been a challenge in the field of dentistry. No doubt dental implants have solved the problem to an extent, but they rely on the direct integration of bone with the implant surface. In a study where postnatal stem cells from porcine third molar tooth buds implanted into biodegradable polyglycolic/polylactide scaffolds, having the shape of a tooth and incorporated into rat hosts for 20-30 weeks successfully produced recognizable tooth structures (dentine, well defined pulp chamber, putative Hertwig's root sheath epithelia, putative cementoblasts, and dental organ with fully formed enamel). The size of bioengineered tooth, however, was very small and did not conform to the shape and size of the scaffolds. [15] Recently, some researchers developed a bioroot into which a post and crown were placed. This further developed a natural relationship with bone. Complete tooth regeneration can also be accomplished by placing the stem cells into a mold of tooth crown which is made of an enamel-like substance with a scaffold material. The stem cells then start looping blood vessels through this scaffold to enable its implantation elsewhere in the body until mature teeth are formed, following which these teeth will be extracted and implanted in the oral cavity. [18] 
Regeneration of craniofacial defects
Craniofacial bone grafting procedures rely on autologous bone grafting, devitalized allogenic bone grafting, and natural/synthetic Osseo conductive biomaterials. Stem cell transplantation procedures have been studied to replace these procedures in future. Adult stem cells can be harvested from the bone marrow and expanded in the laboratory. When which transfers the tooth to their special labs to harvest the dental stem cells and store them in their bank for each child, confidentially, until they are needed later for the child himself or a member of his family. [27, 28] Challenges and Future Direction 
Conclusion
The triad of DPSC, morphogens and scaffolds may provide an innovative and biological approach for the treatment of various dental diseases and for generation of newer clinical materials. A better understanding of cell interactions and growth along with further clinical research can make dental tissue engineering a reality in the near future.
loaded onto appropriate scaffolds and transplanted back into a deficient site, stem cells have the potential to regenerate bone structures. [19] Regeneration of temporomandibular joint Temporomandibular joint (TMJ) is one of the most difficult tissues to treat due to the limited blood supply and hence limited capacity for self-repair. Patients suffering from TMJ disorders often experience pain during normal activities. The articular cartilage of TMJ has a surface layer of fibrocartilaginous and deep layer of the hyaline-like hypertrophic zone with a thin intermediate proliferative zone. For regeneration of this unique cartilage, cell therapy comes first and injectable smart hydrogels could be employed to transfer cells. [20] Regarding the TMJ disc acellular porcine-derived ECM was effective as an inductive template for reconstruction of TMJ disc when implanted in vivo for 6 months and it has been assumed that this bioscaffold represents an off-the-shelf solution for engineering of TMJ disc. [21] Regarding the cellular component, adipose stem cells could be a potential cell source for TMJ engineering. [22] Regeneration of salivary glands Treatment of salivary glands hypofunction the following irradiation in head and neck area is only limited to the administration of saliva substitutes and sialogogues that require frequent administration. Tissue engineering provides a biological substitute to impaired salivary glands. The main challenge, however, is to culture the human salivary gland cells as they are highly differentiated and difficult to expand in vitro. Primary human salivary gland cells seeded biodegradable polymer scaffolds showed the formation of postconfluence structure in vitro by enhancing E-cadherin expression and acinar gland-like structure after 4 weeks of subcutaneous implantation in athymic mice. The gland-like structure also showed the production of human salivary a-amylase (acinar cell protein). [23, 24] Gene therapy is another potential approach for salivary gland regeneration. It relies on the using of a recombinant adenovirus to deliver a water-channel protein gene (aquaporin) to the surviving ductal epithelial cells. This gene is capable of transforming the ductal cells into acinar-like cells (i.e., saliva secreting cells) when integrated into their basement membranes. [25] Phase I clinical trial on the use of an adenovirus containing human aquaporin is currently underway to treat patients with salivary glands hypofunction. [26] Dental stem cell banking
With the advancement of cryopreservation technology, the first commercial tooth bank was established in 2004 at National Hiroshima University, Japan. Presently, stem cell banks freeze not only cord stem cells but also dental stem cells of baby teeth. This can be done easily when a child's anterior milk tooth is shedding. The tooth is extracted by the dentist and preserved in a special kit provided from the stem cell bank company 
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